Background/Aims: Primary angiosarcoma of the small intestine is a rare neoplasia, and there are limited data from systematic analyses. The aim of this study is to describe the clinical and pathological characteristics in addition to the prognostic factors for this rare neoplasia. Methods: We retrospectively collected the clinical records and prognostic information of 66 patients with small intestine angiosarcoma reported between 1970 and 2017. We used the Chi-square test, the log-rank test, and Cox regression analyses to evaluate the data. Results: There were 66 patients diagnosed with small intestine angiosarcoma. The onset age ranged from 24-92 years old. There were 24 patients diagnosed before the year 2000, and 42 patients were diagnosed after 2000. The data indicated that 49 cases were diagnosed as primary disease, and the remaining 15 cases were secondary disease. The main clinical symptoms were nonspecific and included gastrointestinal (GI) bleeding and abdominal pain. Additionally, we found multi-center foci were one of the characteristics of this disease. Radiation-induced small intestine angiosarcoma (RSIA) is a special type of disease with a similar prognosis. This type was more frequent in females and decreased after the year 2000. We also found that GI bleeding was less common in RSIA cases. The log-rank test results revealed that old-age, poor differentiation, and GI bleeding were associated with worse prognosis. Surgical treatment showed a trend toward a prolonged survival time. However, the result was not statistically significant. Our results show treatment with adjuvant therapy improved prognosis. The multivariate Cox analysis demonstrated adjuvant therapy was an independent indicator of a favorable outcome in small intestine angiosarcoma patients. Conclusion: Pay attention to the unexplained gastrointestinal bleeding could lead to a faster diagnosis and control of small intestine angiosarcoma. Furthermore, treatments including adjuvant therapy can effectively improve the prognosis.
Introduction
Angiosarcoma is a malignant tumor formed by the hyperproliferation of cells with vascular endothelial features. Angiosarcoma is a rare disease that represents 1-2% of all sarcomas and frequently occurs in skin and subcutaneous tissues. This disease is less commonly observed in the following tissues: breast, liver, spleen, bone, retina, heart, ovaries, or the adrenal glands [1] [2] [3] [4] [5] [6] . Disease with intestinal origin is extremely rare [7] . The first gastrointestinal angiosarcoma reported by Langhans T in 1879 was found in the spleen [8] .
There have been a limited number of cases reported since its initial discovery [9] [10] [11] [12] [13] .
The specific etiology of angiosarcoma remains unclear. Although several factors including trauma, vinyl chloride, or radiation exposure have been implicated in disease development, the exposure to these agents is uncommon. The follow-up of patients treated with radiotherapy suggests the overall risk for post-radiation angiosarcoma development is 0.01%-0.3% [14] .
The clinical manifestations of small intestine angiosarcoma are extremely variable and nonspecific [15] [16] [17] [18] [19] [20] . Thus, histopathological detection is the most appropriate approach. However, pathology may be insufficient [20] for angiosarcomas showing high architectural and cytologic variability [21] . Moreover, even an experienced pathologist may have difficulty in diagnosing small intestine angiosarcoma. The ambiguous clinical manifestations and lack of biomarkers require laparotomy to confirm diagnosis and stabilize vital signs.
The resection of the bowel tumor is necessary but inadequate for the complete cure of intestinal angiosarcoma because the majority of cases are unresectable at diagnosis. Although chemotherapy is recommended for patients with angiosarcoma, there is currently no efficacious chemotherapeutic regimen. The common delayed diagnosis combined with an advanced stage lead to poor patient prognosis. The survival time reported in most cases range from 1 week to 3 years after resection of the foci [7, 22, 23] .
Until now, only a small number of small intestine angiosarcoma cases have been reported sporadically. Unfortunately, not all cases have described the clinical outcomes in detail. Owing to its extremely low incidence, there is few statistical overview of small intestine angiosarcoma. No study has invistigated factors involved in the outcome of small intestine angiosarcoma systematically. Additionally, optimal management for small intestine angiosarcoma is poorly characterized. The distinctive manifestations of this tumor and the difficult diagnosis combined with high mortality make early discovery very important. In the present study, we have retrospectively analyzed 66 patients with small intestine angiosarcoma in order to identify potential factors involved in the occurrence of small intestine angiosarcoma and the potential indicators for the prognosis.
Materials and Methods

Cases retrived
We systematically searched in the online Web of Science, PubMed and Chinese databases (Wanfang, VIP and CNKI) (updated until March 7, 2017) with the restrictions of "English" language and "original article". The search terms used included "gastrointestinal", "small bowel", "small intestine" or "small intestinal" and "angiosarcoma", "haemangiosarcoma" or "angiomatous sarcoma". Published reviews were also included. We collected the demographic and clinicopathological information including year, country, gender, age, abdominal radiotherapy history, clinical manifestation, treatment modality (surgery or adjuvant therapy) and prognosis. Follow-up information was also included, and overall survival (OS) was defined as the period of time from the initial diagnosis of small bowel angiosarcoma to death from any cause or last follow-up.
Cases selection
In this study, cases were selected according to the following criteria: (1) case report of small intestine angiosarcoma with a clear diagnosis, clinical-pathological character and prognostic information; (2) study for overview of the small intestine angiosarcoma with summarized clinical information. However,
Results
The distribution of clinical characters in small intestine angiosarcoma Owing to the fact that the small intestine angiosarcoma is a rare disease, there was only 1 case recorded in our hospital. After a comprehensive search for published case regarding small intestine angiosarcoma, we have totally consulted 59 references currently available, which included 66 cases information of small intestine angiosarcoma patient. The collection of clinical data was listed in Table 1 .
A total of 46 male, 19 female were diagnosed with small intestine angiosarcoma worldwide, which suggested high male susceptibility. The average age of onset was 63.9-year old (ranged 24 -92), 24 cases arised before 2000s and 42 cases happened in 2000-2017. 49 patients were proved to be primary intestinal angiosarcoma, the remaining 15 cases were metastatic disease. Angiosarcoma originated from skin or aorta showed a tendency of metastasis to small bowel. In these 66 cases, a total of 31 patients underwent emergency surgery because of intestinal perforation, obstruction or uncontrollable bleeding (data not shown).
42 reports provided detail pathological description, of which 17 cases were epithelioid, 10 cases were well differentiated, 11 cases were poorly differentiated and the remaining 4 cases were mixed. Due to the nonspecific clinical presentation, most small intestine angiosarcoma patients were clearly diagnosed by surgery. In addition, 10 patients had a clear diagnosis through the endoscopic biopsy, which showed an advantage in diagnosis with a minimally invasive approach. Among the 66 patients, 51 patients received surgery and/or adjuvant therapy, 7 patients gave up any further treatment because of unstable state or other sever comorbidities.
The main clinical symptoms for small intestine angiosarcoma were nonspecific, including gastrointestinal bleeding (GI bleeding), abdominal pain, abdominal distention, nausea and vomiting ( Table 2 ). The extremely low incidence combined with the atypical clinical manifestations always result in missed or incorrect diagnoses. The diseases commonly misdiagnosed includes GIST, small intestinal lymphoma and intestinal adenocarcinoma, etc. According to our findings, 42 patients (85.7%) received laparotomy with incorrect estimated preoperative diagnosis, even after a detailed preoperative examination and careful case discussion.
The characters of radioation-induced small intestine angiosarcoma (RSIA)
According to the potential cause of disease, angiosarcomas are classified into cutaneous angiosarcoma, primary-breast angiosarcoma, soft-tissue angiosarcoma, lymphoedemaassociated angiosarcoma and radiation-induced angiosarcoma [7] . As radiation is a proved efficacious treatment for some types of tumor including breast cancer, cervical cancer and uterine cancer, therefore, abdominal radiation therapy is widely used. Most of the documented cases of post-radiation angiosarcoma are reported in breast, skin and associated soft tissue [24] . Currently, post-radiation angiosarcoma has also been described in the small bowel, colon and omentum, even in the entire abdomen [25] [26] [27] . In the present study, we have retrospectively detected 17 cases of RSIA among the 66 intestinal angiosarcomas. Radiation therapy was initially employed in the adjuvant setting in these cases. Radiation doses ranged from 8 (single fraction) −91.2 Gy with a median of 60 Gy. Consistent with the features of reported radiation ralated angiosarcoma [25, 27] , the average interval between radiation exposure and presentation of RSIA was 10 years, ranged from 3 to 20 years. Cellular Physiology and Biochemistry
Cellular Physiology and Biochemistry
Herein, we have analyzed the association between clinical characters and the occurrence of RSIA. As displayed in Table 3 , classification by age and race did not reveal any particular distribution, while the female were more inclined to develop small intestinal angiosarcoma than male (11/19 vs. 6/46, P< 0.001). Moreover, more cases of small intestinal angiosarcoma were found and reported in 1970-2000 than in 2000-2017 (11/24 vs. 6/42, P= 0.004). Intriguingly, the GI bleeding was much less frequent in the patients with radiotherapy history than those without (6/17 vs. 35/49, P= 0.028).
The factors influencing the OS of small intestine angiosarcoma
The prognosis was much worse for patients with small intestine angiosarcomas than those with tumors of any other site, and over one-year survival time is extremely rare [28] . Most patients did not survive the post-operative period or died within a few months after diagnosis. In the present study, we have also concluded and summarized outcome of 58 patients with intact follow-up information. The prognosis of small intestine angiosarcoma was very poor for that the average survival time was about 30 weeks, with a range from 1 week to 208 weeks after clear diagnosis. Moreover, uncontrollable GI bleeding or acute respiratory failure was common direct cause of death.
Kaplan-Meier and log-rank test method were used to analyze the effects of race, gender, age, clinical manifestation, and type of treatment on OS. As displayed in Fig. 1 , race, gender and age reached no significance with survival time. However, when the cutoff value of age was decreased to 50 year-old, a better prognosis was found in patients in less than 50-year old group, 3-time longer than in the older group with a median survival time of 39 weeks. The origin and size of angiosarcoma or radiotherapy history did not impact the outcome (Fig. 2) . However, poor differentiation was associated with shorter OS. In addition, GI bleeding has a significantly negative impact on OS, the median survival time was 8.5 weeks in the patients with GI bleeding, compared to 50.4 weeks in the patients without (Fig. 3A, 3B ).
Timing and type of the intervention to the process have been demonstrated to predict the prognosis [29] . In the 58 cases with intact follow-up information, 38 patients received surgery alone, 13 patients received surgery and adjuvant therapy (radiotherapy or chemotherapy) and 7 gave up any treatment. The intervention helped to acquire longer survival time. The average OS of small intestine angiosarcoma was 17.22 weeks in surgery group and 84.65 weeks in adjuvant therapy group when compared to 2.85 weeks in those without any intervention. However, surgery did not prolong OS significantly, according to analysis of the present available data (Fig. 3C, 3D ).
The factors indicating the prognosis of small intestine angiosarcoma
Based on the present study, it was worthwhile to consider major determinants in the prognosis of small intestine angiosarcoma using the Cox proportional hazards regression model. As univariate analyses (Table 4) displayed that the gender, age, race or radiotherapy history did not influence OS (P> 0.05). GI bleeding indicated a much worse outcome for the small intestine angiosarcoma patients, while adjuvant therapy did decrease the risk of death greatly. Surprisingly, surgery, however, did not benefit patient survival. Moreover, the multivariate Cox analysis demonstrated that the adjuvant therapy was an independent indicator for favorable prognosis of small intestine angiosarcoma (Table 5) .
Discussion
Although the small intestine constitutes 75% of the GI tract, primary small bowel malignant tumors are rare, and the incidence is approximately 1 per 100, 000 [30] . Furthermore, small intestine angiosarcoma is an extremely unusual disease and accounts for approximately 2% soft tissue sarcomas [7] .
Secondary neoplastic involvement of the small bowel is more frequent than primary small bowel neoplasm and occurs by hematogenous spread, direct invasion, or intraperitoneal seeding [31] . However, our findings indicate the rate of metastasis to the intestine was unusual in small intestine angiosarcoma, and this finding is consistent with previous results [20, 32] . This abnormal phenomenon may be attributed to the highly malignant nature of angiosarcoma, which is associated with severe clinical manifestations before spreading from the primary tumor to the intestine.
The common initial symptoms can vary from anemia to gastrointestinal hemorrhage. This variability in clinical presentation makes it difficult to quickly obtain an accurate diagnosis. Although endoscopic biopsies seem helpful [33, 34] , surgery remains the only effective diagnostic method for this particular disease. Moreover, careful follow-up is helpful especially when there is recurrent abdominal pain or intestinal obstruction presented in the setting of unexplained anemia or gastrointestinal hemorrhage. For example, a patient initially presented with anemia and melena had been misdiagnosed with an aorto-intestinal fistula due to his aortic dilation history. However, the intestinal bleeding did not arrest after stent placement and aortic replacement. An exploratory laparotomy helped to clarify the diagnosis [17] . Another case of intestinal angiosarcoma masqueraded as an appendiceal abscess. The vigilance of unexplained microcytic anemia helped to clarify the prognosis and reiterated the variable nature of the tumor manifestation [35] .
The patients and tumor characteristics in our series are consistent with previous studies of angiosarcoma [22, 23] . Small intestine angiosarcoma showed a strong male predominance, with a male to female ratio of 2.42:1 [36] . This finding could be attributed to the increased chance of exposure to industrial chemicals for men. However, there were only 3 patients in the present study with a clear prior history of exposure to definitive causative chemical agents. The recent increased awareness of prevention and protection has decreased the chances of being exposed to these carcinogens. The morbidity of this disease has increased gradually, which indicates the majority of small intestine angiosarcomas are not related to these factors. Although the precise predisposing factors of small intestine angiosarcoma remain unclear, radiotherapy has been implicated in the pathogenesis of this tumor. Recent advances in radiotherapy technology have increased the number of patients cured of their primary malignancies and has also increased the prevalence of radiotherapy associated small intestine angiosarcoma [37] . Our findings suggest radiotherapy was responsible for 25.7% of all small intestine angiosarcoma cases. RSIA was more likely to occur in women, and the incidence rate for females was 3-fold higher than the rate for men. These findings are consistent with the increased use of radiotherapy for particular female genital tract malignancies. The clinical manifestations of RSIA at presentation were typically related to perforated viscus or intestinal obstruction. An unexpected frequent clinical manifestation of small intestine angiosarcoma is GI bleeding. However, this sign was not common in RSIA cases. These results might be explained by the findings that abdominal radiotherapy was often accompanied by fibrosis and reduced blood flow. Interestingly, the rate of RSIA decreased after the year 2000, while the overall incidence of small intestine angiosarcoma increased. The decreased RSIA rate indicates that proper organ protection during radiotherapy can effectively prevent RSIA. The terminal ileum was the most common location of RSIA [38] .
There is currently no systemic analysis of small intestine angiosarcoma in the literature. This is the first study to analyze factors affecting the prognosis of small intestine angiosarcoma. Our results showed that there was no difference in OS between races. Moreover, age was neither a factor to impact the prognosis, when the cut off set at 65-year old. Small intestine angiosarcoma was the disease with a tendency to bleeding. Its associated bleeding episode was always multicenter and difficult to control, which was usually responsible for emergency laparotomy or even death [39] . Moreover, GI bleeding has also been demonstrated to be an indicator for an unfavorable prognosis in the present study. It was shown to shorten the average survival time from 50.4 weeks to 8.5 weeks. Therefore, it might be beneficial to step up vigilance on GI bleeding. RSIA displayed a relatively clear pathogenesis and had a longer average OS (34.7 weeks) compared to those without radiotherapy history (13.6 weeks). However, the difference was not statistically significant even if analyzed as a sub-group. The reduced chance of GI bleeding in RSIA might be the possible explanation.
The incidence of malignant intestine tumors has increased worldwide, and the management of abdominal oncologic emergencies has become more clinically important. Surgery has been the treatment of choice for small intestine angiosarcoma and was considered the only therapeutic modality with curative potential [40] . Our analysis showed that surgical resection did not play an important role in patient outcome. This was mainly due to the substantial individual differences within the group, and the survival time in the surgery group ranged from 1 week to 208 weeks. Conversely, surgery was always used and complete resection was often not possible due to the infiltrative nature of the tumor. Thus, conclusions regarding the limited therapeutic merits of tumor resection must be offered with considerable circumspection. Cumulatively, the results indicate a large trial and further investigations are warranted to validate our conclusion.
Though little systematic evidence supported that chemotherapy was efficacious for intestine angiosarcoma, palliative chemotherapy still could be an option. Studies of soft tissue sarcoma suggested that adjuvant therapy would help to prolong progression-free survival even in metastatic angiosarcoma [41] . Moreover, the only currently available intestine angiosarcoma cases treated with chemotherapy regimen have shown favorable and promising efficacy [42] . Our present study has also demonstrated that adjuvant therapy helped improve the outcome of small intestine angiosarcoma significantly, which accorded with the findings in advanced hepatic angiosarcoma [36] . However, it is worth noting that most adjuvant therapy protocols were based on studies of cutaneous angiosarcoma and generally empiric, as randomized clinical studies on intestinal angiosarcomas were lacking due to their rarity. Before credible evidence-based basis derived from further large-scale trails, Taxol and thalidomide could be considered because of their anti-angiogenic properties [18, 43] . Docetaxel, ifosfamide, or recombinant human interleukin-2 has also shown their potential therapeutic efficacy [44, 45] .
The present study has taken the first step to systematically analyze the clinicopathological features and potential prognostic determinants in small intestine angiosarcoma. We found that radiation associated small intestine angiosarcoma might be a special type, but with a similar outcome. Recurrent GI bleeding is one of the most common tumor manifestations and is both a direct cause of death and a predictor of worse outcome. Moreover, the findings in the present study suggest that treatment with adjuvant therapy significantly improves patient prognosis. However, due to the rare incidence and limited number of cases a statistical bias is inevitable. Therefore, a more comprehensive and a larger scale trial is warranted. We anticipate that our study will be a useful reference for developing new treatments in patients with small intestine angiosarcoma.
